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growth pressure P3 as it is after growing the first semiconductor 
layer in thickness d2 at growth rate V2 and growth pressure P2 
on the substrate, it is so arranged as to fulfill the conditions of V2<V3, and besides P2<P3, and besides 
d2<d3. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The 1st semi-conductor layer which consists of at least one layer on the substrate of thickness dl on the growth 
conditions of a growth rate V2 and the growth pressure P2 thickness 62 After making it grow up, In a vapor-phase- 
epitaxial-growth method including the process into which the 2nd semi-conductor layer which consists of at least one 
layer on the growth conditions of a growth rate V3 and the growth pressure P3 is grown up thickness d3, without taking 
out said substrate out of equipment V2<V3, P2<P3, and the vapor-phase-epitaxial-growth method characterized by 
fulfilling the conditions which become d2<d3. 

[Claim 2] growth temperature T3 of the growth temperature T2 of said 1st semi-conductor layer, and the 2nd semi- 
conductor layer — T2<T3 — the vapor-phase-epitaxial-growth method according to claim 1 characterized by fulfilling 
conditions. 

[Claim 3] The vapor-phase-epitaxial-growth method according to claim 1 or 2 said vapor-phase-epitaxial-growth method 
is characterized by being a hydride vapor-phase-epitaxial-growth method or an organic metal vapor-phase-epitaxial- 
growth method. 

[Claim 4] A vapor-phase-epitaxial-growth method given in claim 1 thru/or any of 3 they are. [ to which growth rates V2 
and V3 are characterized by fulfilling the conditions which become 3< 400 micrometer/h 4 micrometer/h<V 2< 4 
micrometer/h 0 micrometer/h<V, respectively ] 

[Claim 5] A vapor-phase-epitaxial-growth method given in claim 1 thru/or any of 4 they are. [ to which the growth 
pressures P2 and P3 are characterized by fulfilling the conditions which become 3< 1000 ton* 200 torr<P 2< 200 torr 1 
torr<P, respectively ] 

[Claim 6] A vapor-phase-epitaxial-growth method given in claim 1 thru/or any of 5 they are. [ which is characterized by 
the growth thickness d2 and d3 fulfilling the conditions which become 2< 500nm of 0 nm<d, and 3< 1mm of 10 
micrometer<d, respectively ] 

[Claim 7] the growth temperature T2 and T3 - respectively - 400degree-C<T - 2< 700 degrees C and 700 degrees C - 
< ~ T3<1200 degree C — a vapor-phase-epitaxial-growth method given in claim 1 thru/or any of 6 they are. [ which is 
characterized by fulfilling conditions ] 

[Claim 8] A vapor-phase-epitaxial-growth method given in claim 1 thru/or any of 7 they are. [ to which both said 1st 
semi-conductor layer and the 2nd semi-conductor layer are characterized by n mold or being both p molds ] 
[Claim 9] A vapor-phase-epitaxial-growth method given in claim 1 thru/or any of 8 they are. [ which is characterized by 
at least one layer of said 1st semi-conductor layer or the 2nd semi-conductor layer being BXlAlYlGaZlInl-Xl-Yl-ZIN 
(0<=X1, Y1,Z1<=1)] 

[Claim 10] A vapor-phase-epitaxial-growth method given in claim 1 thru/or any of 9 they are. [ which is characterized by 
for said substrate being sapphire, Si, or GaAs, for at least one layer of said 1st semi-conductor layer being AlX2Gal- 
X2N (0 <=X2 <=1), and at least one layer of said 2nd semi-conductor layer being AlY2Gal-Y2N (0 <=Y2 <=1) ] 
[Claim 1 1] A vapor-phase-epitaxial-growth method given in claim 9 thru/or any of 1 1 they are. [ which is characterized 
by for said 1st semi-conductor layer being GaN, A1N, or GaN/AIN superlattice, and said 2nd semi-conductor layer being 
AlY3Ga 1 -Y3N (0.05 <=Y3 <=0.5) ] 

[Claim 12] The 1st semi-conductor layer which consists of at least one layer on the substrate of thickness dl on the 
growth conditions of a growth rate V2 and the growth pressure P2 thickness d2 After making it grow up, In a vapor- 
phase-epitaxial-growth method including the process into which the 2nd semi-conductor layer which consists of at least 
one layer on the growth conditions of a growth rate V3 and the growth pressure P3 is grown up thickness d3, without 
taking out said substrate out of equipment The manufacture approach of the semi-conductor substrate which consists of 
said 1st semi-conductor layer and 2nd semi-conductor layer which remove said substrate and are obtained from the wafer 
formed by the vapor-phase-epitaxial-growth method which fulfills V2<V3, P2<P3, and the conditions that become 
d2<d3. 

[Claim 13] Furthermore, the manufacture approach of the semi-conductor substrate according to claim 12 characterized 
by removing any of said 1st semi-conductor layer or the 2nd semi-conductor layer they are. 

[Claim 14] The manufacture approach of a semi-conductor substrate according to claim 12 or 13 that both said 1st semi- 
conductor layer and the 2nd semi-conductor layer are characterized by n mold or being both p molds. 
[Claim 15] The manufacture approach of a semi-conductor substrate given in claim 12 thru/or any of 14 they are. [ which 
is characterized by at least one layer of said 1st semi-conductor layer or the 2nd semi-conductor layer being 
BXlAlYlGaZlInl-Xl-Yl-ZIN (0 <=X1, Yl, Zl <=1) ] 

[Claim 16] The manufacture approach of a semi-conductor substrate given in claim 12 thru/or any of 15 they are. [ which 
is characterized by for said substrate being sapphire, Si, or GaAs, for at least one layer of said 1st semi-conductor layer 
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being AlX2Gal-X2N (0 <=X2 <=1), and at least one layer of said 2nd semi-conductor layer being AlY2Gal-Y2N (0 
<=Y2<=1)] 

[Claim 17] The manufacture approach of a semi-conductor substrate given in claim 12 thru/or any of 16 they are. [ which 
is characterized by for said 1st semi-conductor layer being GaN, A1N, or GaN/AIN superlattice, and said 2nd semi- 
conductor layer being AlY3Ga 1 -Y3N (0.05 <=Y3 <=0.5) ] 

[Claim 18] The manufacture approach of a semi-conductor substrate given in claim 13 thru/or any of 17 they are. [ to 
which relation between the thickness dl of said substrate and the thickness d3 of said 2nd semi-conductor layer is 
characterized by being dl<d3 ] 

[Claim 19] After growing up the 1st semi-conductor layer thickness d2 on the substrate of thickness dl, the 2nd semi- 
conductor layer grows up thickness d3 by the vapor-phase-epitaxial-growth method. d2 - < — d3 -- the semi-conductor 
substrate which fulfills conditions — it is — said 1 st semi-conductor layer or the 2nd semi-conductor layer 3 ~ the semi- 
conductor substrate characterized by at least one layer being BXlAlYlGaZlInl-Xl-Yl-ZIN (0 <=X1, Yl, Zl <=1). 
[Claim 20] After growing up the 1st semi-conductor layer thickness d2 on the substrate of thickness dl, the 2nd semi- 
conductor layer grows up thickness d3 by the vapor-phase-epitaxial-growth method. It is the semi-conductor substrate 
which fulfills the becoming conditions d2<d3, and said substrate is sapphire, Si, or GaAs. the conductor characterized by 
for at least one layer of said 1st semi-conductor layer being AlX2Gal-X2N (0 <=X2 <=1), and at least one layer of said 
2nd semi-conductor layer being AlY2Gal-Y2N (0 <=Y2 <=1) - a substrate. 

[Claim 21] After growing up the 1st semi-conductor layer thickness d2 on the substrate of thickness dl, the 2nd semi- 
conductor layer grows up thickness d3 by the vapor-phase-epitaxial-growth method. The semi-conductor substrate 
characterized by being the semi-conductor substrate which fulfills the becoming conditions d2<d3, for said 1st semi- 
conductor layer being GaN, A1N, or GaN/AIN superlattice, and said 2nd semi-conductor layer being AlY3Gal-Y3N 
(0.05 <=Y3 <=0.5). 

[Claim 22] A semi-conductor substrate given in claim 19 thru/or any of 21 they are. [ to which relation between the 
thickness dl of said substrate and the thickness d3 of said 2nd semi-conductor layer is characterized by being dl<d3 ] 
[Claim 23] A semi-conductor substrate given in claim 19 thru/or any of 22 they are. [ to which both said 1st semi- 
conductor layer and the 2nd semi-conductor layer are characterized by n mold or being both p molds ] 
[Claim 24] Hydride vapor phase epitaxy equipment characterized by making growth possible by 10 or more torrs the 
pressure of less than 800 torr while making possible crystal growth which has interpolation tubing made from sapphire 
installed so that the coil or substrate made from sapphire might be surrounded, and contains aluminum. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the vapor-phase-epitaxial-growth method of semi-conductors, 
such as nitride system group-Hi- V-semiconducter film, such as high quality, and a GaN substrate excellent in mass- 
production nature, an AlGaN substrate, the manufacture approach of a semi-conductor substrate, a semi-conductor 
substrate, and its growth equipment with respect to a vapor-phase-epitaxial-growth method, the manufacture approach of 
a semi-conductor substrate, a semi-conductor substrate, and hydride vapor phase epitaxy (VPE) equipment. 
[0002] 

[Description of the Prior Art] In recent years, development of the blue of short wavelength and the semiconductor laser 
diode (LD) of ultraviolet-rays luminescence is made from the demand of the densification of the record over an optical 
disk or a magneto-optic disk, and playback, and high-resolution-izing. For example, 93 pages of the Nikkei electronics 
No. 602 in February, 1994 have description of the blue light ernitting diode by Mr. Nakamura of Nichia Chemical 
Industries. 

[0003] Since forbidden-band width of face is moreover a direct transition mold as greatly as 3.4eV, GaN which is a 
nitride system group Ht-V semiconducter attracts attention as blue and a charge of ultraviolet-rays light emitting device 
material. Conventionally, many sapphire is used for nitride system group-Hi- V-semiconducter crystal growth as a 
substrate ingredient, growth of the GaN film to a silicon-on-sapphire top — a 900-1 100-degree C elevated temperature — 
organic metal vapor phase epitaxial growth (MO VPE) - law and molecular beam epitaxy (MBE) - it is carried out by 
law. Although the film which already has the crystal quality of a device level is obtained, when the lattice constant 
differs from the coefficient of thermal expansion, silicon on sapphire and a GaN epitaxial layer have the problem of a 
defect being generated or a crack occurring, and are reducing the property and dependability of a component. 
[0004] Furthermore, since [ that it is lacking in it ] workability of silicon on sapphire is bad to cleavage, formation and 
chip-izing of a mirror side required for LD are difficult for it to it. Moreover, since sapphire is insulation electrically, it 
needs complicated processes, such as selective etching, for electrode formation of a component. Since a GaN thick-film 
substrate does not have the problem of a defect being generated when the GaN epitaxial layer, the lattice constant, and 
the coefficient of thermal expansion are in agreement, or a crack occurring, it is an ideal substrate ingredient. By this, the 
resonator end face of LD can be formed by cleavage, an electrode can be formed in the rear face of a substrate, and the 
property and dependability of a component can be raised. 

[0005] However, in order to manufacture the thick-film substrate of GaN, the approach generally used for manufacture 
of Si substrate, a GaAs substrate, etc. cannot be used according to the vapor pressure of nitrogen being high, as the 
growth approach of GaN MOCVD - law and MBE - law - the hydride vapor phase epitaxy (VPE) which uses a 
hydride (hydride) for except as a raw material - law gets to know ~ having — **** — JP,10-173288,A - "the growth 
approach of a nitride system group-Ill- V-semiconducter layer, and the manufacture approach of a nitride system group- 
Ill- V-semiconducter substrate" — invention is indicated. According to this hydride VPE method, since the GaN layer of 
the thickness of a number - 100 micrometers of numbers can be grown up by ordinary pressure on silicon on sapphire in 
1 hour, it is considered one of the effective approaches which manufactures a GaN substrate. 

[0006] However, since the GaN substrate obtained by this approach had crystallinity and a bad surface state or grew at 
right angles [ a GaN layer ] to a substrate, and aslant, its quality was inadequate for using as a substrate, the reason - the 
ordinary pressure hydride VPE — it is because the growth rate of law is large, so outstanding GaN of crystal quality is not 
obtained. Moreover, if an AlGaN substrate is obtained, since AlGaN of the high quality of the same aluminum 
presentation as a substrate can be used for the cladding layer of LD, from LD on a GaN substrate, light can be confined 
in a barrier layer still more efficiently, and the property of LD can be raised greatly. 

[0007] however, the ordinary pressure hydride VPE - since the growth rate of law is large, the migration on the front 
face of a crystal of the raw material containing alurninum, such as chlorination aluminum (A1C13), becomes very small, 
and the epitaxial crystal of high quality is not obtained. There was a problem that the raw material containing aluminum, 
such as chlorination aluminum, moreover corroded a quartz coil by the hydride VPE method, and insurance and the 
stable growth were difficult. Moreover, the oxygen which came out of the quartz coil was incorporated by the epitaxial 
layer, and the problem of reducing crystal quality also had it. 
[0008] 

[Problem(s) to be Solved by the Invention] the fault of the conventional technique which the purpose of this invention 
described above - improving - especially - the reduced pressure hydride VPE — by law A growth rate becomes small, 
and the surface migration of an III group raw material molecule is promoted, and the crystal of good quality is obtained, 
and by the continuous ordinary pressure hydride VPE method on it The vapor-phase-epitaxial-growth method of the new 
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semi-conductor which was quality and was excellent in mass-production nature which made it possible to grow up GaN 
and AlGaN with a big growth rate, the manufacture approach of a semi-conductor substrate, a semi-conductor substrate, 
and its growth equipment are offered. 
[0009] 

[Means for Solving the Problem] Fundamentally, this invention adopts a technical configuration which was indicated 
below in order to attain the above-mentioned purpose. Namely, the 1st mode of the vapor-phase-epitaxial-growth method 
concerning this invention The 1st semi-conductor layer which consists of at least one layer on the substrate of thickness 
dl on the growth conditions of a growth rate V2 and the growth pressure P2 thickness d2 After making it grow up, In a 
vapor-phase-epitaxial-growth method including the process into which the 2nd semi-conductor layer which consists of at 
least one layer on the growth conditions of a growth rate V3 and the growth pressure P3 is grown up thickness d3, 
without taking out said substrate out of equipment It is what is characterized by fulfilling V2<V3, P2<P3, and the 
conditions that become d2<d3. ** and the 2nd mode It is what is characterized by fulfilling conditions, growth 
temperature T3 of the growth temperature T2 of said 1st semi-conductor layer, and the 2nd semi-conductor layer — 
T2<T3 - ** and the 3rd mode It is that to which said vapor-phase-epitaxial-growth method is characterized by being a 
hydride vapor-phase-epitaxial-growth method or an organic metal vapor-phase-epitaxial-growth method. ** and the 4th 
mode Growth rates V2 and V3 are what is characterized by fulfilling the conditions which become 3< 400 micrometer/h 
4 micrometer/h<V 2< 4 micrometer/h 0 micrometer/h<V, respectively. ** and the 5th mode The growth pressures P2 and 
P3 are what is characterized by fulfilling the conditions which become 3< 1000 torr 200 torr<P 2< 200 ton* 1 torr<P, 
respectively. ** and the 6th mode The growth thickness d2 and d3 is what is characterized by fulfilling the conditions 
which become 2< 500nm of 0 nm<d, and 3< 1mm of 10 micrometercd, respectively. ** and the 7th mode It is what is 
characterized by fulfilling conditions, the growth temperature T2 and T3 - respectively - 400degree-C<T - 2< 700 
degrees C and 700 degrees C - < - T3<1200 degree C - ** and the 8th mode Both said 1st semi-conductor layer and 
the 2nd semi-conductor layer are what is characterized by n mold or being both p molds. ** and the 9th mode It is what 
is characterized by at least one layer of said 1st semi-conductor layer or the 2nd semi-conductor layer being 
BXlAlYlGaZlInl-Xl-Yl-ZIN (0 <=X1, Yl, Zl <=1). Said substrate of** and the 10th mode is sapphire, Si, or GaAs. 
At least one layer of said 1st semi-conductor layer is AlX2Gal-X2N (0 <=X2 <=1). It is what is characterized by at least 
one layer of said 2nd semi-conductor layer being AlY2Gal-Y2N (0 <=Y2 <=1). ** and the 1 1th mode Said 1st semi- 
conductor layer is GaN, A1N, or GaN/AIN superlattice, and it is characterized by said 2nd semi-conductor layer being 
AlY3Gal-Y3N (0.05 <=Y3 <=0.5). 

[0010] The 1st mode of the manufacture approach of the semi-conductor substrate concerning ** and this invention The 
1st semi-conductor layer which consists of at least one layer on the substrate of thickness dl on the growth conditions of 
a growth rate V2 and the growth pressure P2 thickness d2 After making it grow up, In a vapor-phase-epitaxial-growth 
method including the process into which the 2nd semi-conductor layer which consists of at least one layer on the growth 
conditions of a growth rate V3 and the growth pressure P3 is grown up thickness d3, without taking out said substrate out 
of equipment It is what consists of said 1st semi-conductor layer and 2nd semi-conductor layer which remove said 
substrate and are obtained from the wafer formed by the vapor-phase-epitaxial-growth method which fulfills V2<V3, 
P2<P3, and the conditions that become d2<d3. It is what is characterized by ** and the 2nd mode removing further any 
of said 1st semi-conductor layer or the 2nd semi-conductor layer they are. ** and the 3rd mode Both said 1st semi- 
conductor layer and the 2nd semi-conductor layer are what is characterized by n mold or being both p molds. ** and the 
4th mode It is what is characterized by at least one layer of said 1st semi-conductor layer or the 2nd semi-conductor layer 
being BXlAlYlGaZlInl-Xl-Yl-ZIN (0 <=X1, Yl, Zl <=1). Said substrate of** and the 5th mode is sapphire, Si, or 
GaAs. At least one layer of said 1st semi-conductor layer is AlX2Gal-X2N (0 <=X2 <=1). It is what is characterized by 
at least one layer of said 2nd semi-conductor layer being AlY2Gal-Y2N (0 <=Y2 <=1). ** and the 6th mode Said 1st 
semi-conductor layer is GaN, A1N, or GaN/AIN superlattice. It is characterized by said 2nd semi-conductor layer being 
AlY3Gal-Y3N (0.05 <=Y3 <=0.5), and ** and the 7th mode are characterized by the relation between the thickness dl 
of said substrate and the thickness d3 of said 2nd semi-conductor layer being dl<d3. 

[001 1] The 1st mode of the semi-conductor substrate concerning ** and this invention After growing up the 1st semi- 
conductor layer thickness d2 on the substrate of thickness dl, the 2nd semi-conductor layer grows up thickness d3 by the 
vapor-phase-epitaxial-growth method. It is what is characterized by at least one layer being BXlAlYlGaZlInl-Xl-Yl- 
Z1N (0 <=X1, Yl, Zl <=1). d2 - < - d3 - the semi-conductor substrate which fulfills conditions — it is — said 1 st semi- 
conductor layer or the 2nd semi-conductor layer 3 — ** and the 2nd mode After growing up the 1st semi-conductor layer 
thickness d2 on the substrate of thickness dl, the 2nd semi-conductor layer grows up thickness d3 by the vapor-phase- 
epitaxial-growth method. It is the semi-conductor substrate which fulfills the becoming conditions d2<d3, and said 
substrate is sapphire, Si, or GaAs. At least one layer of said 1st semi-conductor layer is AlX2Gal-X2N (0 <=X2 <=1). It 
is what is characterized by at least one layer of said 2nd semi-conductor layer being AlY2Gal-Y2N (0 <=Y2 <=1). ** 
and the 3rd mode After growing up the 1st semi-conductor layer thickness d2 on the substrate of thickness dl , the 2nd 
semi-conductor layer grows up thickness d3 by the vapor-phase-epitaxial-growth method. It is the semi-conductor 
substrate which fulfills the becoming conditions d2<d3, and said 1st semi-conductor layer is GaN, A IN, or GaN/AIN 
superlattice. It is what is characterized by said 2nd semi-conductor layer being AlY3Gal-Y3N (0.05 <=Y3 <=0.5). ** 
and the 4th mode Relation between the thickness dl of said substrate and the thickness d3 of said 2nd semi-conductor 
layer is characterized by being dl<d3, and, as for both ** and the 5th mode, said 1st semi-conductor layer and the 2nd 
semi-conductor layer are characterized by n mold or being both p molds. 

[0012] The mode of the hydride vapor phase epitaxy equipment concerning ** and this invention has interpolation tubing 
made from sapphire installed so that the coil or substrate made from sapphire might be surrounded, and it is characterized 
by making growth possible by 10 or more torrs the pressure of less than 800 torr while it makes crystal growth 
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containing aluminum possible. 
[0013] 

[Embodiment of the Invention] the semi-conductor substrate concerning this invention — the c-th page silicon-on- 
sapphire 301 top — the reduced pressure hydride VPE, after growing up the thin GaN layer 302 with the growth rate of 4 
or less micrometer/h by law this GaN layer 2 top - the ordinary pressure hydride VPE - the crystal growth method for 
growing up the larger and AlGaN [ than 4 micrometer/h ] layer 304 thick enough at the growth rate of 400 or less 
micrometer/h by law - or the AlGaN substrate which removes c-th page silicon on sapphire 1 by etching, and consists of 
a GaN layer 302 and an AlGaN layer 304 - or It is hydride VPE equipment which can grow by 10 or more torrs the 
pressure of less than 800 torr the crystal containing aluminum which has the AlGaN substrate which consists only of an 
AlGaN layer 304, interpolation tubing made from sapphire, or a coil made from sapphire can grow up to be. 
[0014] By the reduced pressure hydride VPE method, a growth rate becomes small, and the surface migration of HI 
group raw material molecules, such as aluminum, is promoted, and the crystal of good quality is obtained, the ** which 
does not take out an epitaxial substrate out of equipment moreover — continuing — a pressure — large — carrying out — 
the ordinary pressure hydride VPE - by using law, AlGaN can be grown up with a big growth rate, and the AlGaN 
substrate of high quality is obtained efficiently. 
[0015] 

[Example] Below, the example of the vapor-phase-epitaxial-growth method of the semi-conductor concerning this 
invention, the manufacture approach of a semi-conductor substrate, a semi-conductor substrate, and its growth equipment 
is explained at a detail, referring to a drawing. The side elevation and front view of hydride VPE equipment of this 
invention are shown in drawing 1 and drawing 2 . 

[0016] The hydride VPE equipment of the 1st example of this invention The coil 100 made from sapphire, and the 
interpolation tubing 101 made from sapphire formed in the coil 100 made from sapphire, The substrate operating rod 102 
which puts the substrate in the interpolation tubing 101 made from sapphire into a deposition chamber, is made to move 
to a standby room, or is operated, The rotary pump 103 prepared in the exhaust port 116, and a pressure regulating valve 
104, The substrate holder 105 with a heater operated with the substrate operating rod 102, The substrate 106 fixed to the 
substrate holder 105, and the heating heater 107 formed so that the coil 100 made from sapphire might be surrounded, In 
order to introduce gas in the diaphragm 109 made from sapphire for dividing the standby room 108 prepared in the 
interpolation tubing 101 made from sapphire, and said standby room 108 and deposition chamber, and the interpolation 
tubing 101 made from sapphire, The gas inlet 1 10, the gas installation tubing 111, and the gas inlet 1 12 which were 
established in one edge of the interpolation tubing 101, The high grade Ga source 1 13 of a deposition chamber, and the 
raw material boat 1 14 with a heater which contains the source, It consists of a deposition chamber 1 15, an exhaust port 
116 established in the other-end section of the interpolation tubing 101, a bottom plate 200 made from sapphire prepared 
in the pars basilaris ossis occipitalis of the interpolation tubing 101 made from sapphire, and the high grade aluminum 
source 202 of a deposition chamber 115. 

[0017] A gas inlet 110 and the gas installation tubing 111 are the gas inlets and gas installation tubing for introducing 
ammonia gas and nitrogen gas. A gas inlet 1 12 is a gas inlet which introduces HC1 gas and hydrogen gas. Various kinds 
of gas supply volume is controlled by the flowmeter and the control valve. Substrates are substrates, such as sapphire, 
silicon, and GaAs. In n dopant raw material, it is SiH4. SiH2 C12 Gas is used and it is Mg (CH3)2 in p dopant raw 
material. MgC12 It uses and supplies through the gas installation tubing 111. 

[0018] Using the coil 100 made from sapphire, the interpolation tubing 101, a diaphragm 109, and a diaphragm 205, 
using two kinds of solid-state raw materials, the high grade Ga source 113 and the high grade aluminum source 202, the 
hydride VPE equipment of this invention is constituted so that the temperature of the high grade Ga source 113 and the 
high grade aluminum source 202 can be independently controlled by the heating heater 1 07 and the raw material boat 

114 with a heater, and it can control substrate temperature by the substrate holder 105 with a heater from a room 
temperature to 1200 degrees C. Furthermore, a rotary pump 103 and a pressure regulating valve 104 constitute the 
pressure in the coil 100 made from sapphire from 10 or more torrs the pressure range of 800 or less torr possible 

[ accommodation ]. 

[0019] the inside of the coil 100 made from sapphire is divided into the standby room 108 and a deposition chamber 1 15 
with the diaphragm 109 made from sapphire — having - ****-- the substrate operating rod 102 — using — the deposition 
chamber 1 15 from the standby room 108 - or the location of a substrate 106 is freely changeable conversely. The high 
grade Ga source 113 and the high grade aluminum source 202 react, the HC1 gas introduced into the deposition chamber 

115 from the gas inlet 1 12 (206 and 207 showed at drawing 2 ) generates a gallium chloride (GaC13) and an aluminum 
chloride (A1C13), and it is carried to a substrate front face with hydrogen gas, and reacts on the ammonia gas and the 
substrate front face which are supplied from the gas installation tubing 111, and AlGaN grows, aluminum presentation 
and the growth rate of AlGaN are decided by temperature of the flow rate of HC1 gas and the high grade Ga source 113 
which were introduced from the gas inlet 206 and the gas inlet 207, and the high grade aluminum source 202. 

[0020] Below, the growth approach of this invention by the above-mentioned growth equipment is explained. Silicon on 
sapphire 106 is installed in the standby room 108, and where nitrogen gas is introduced, substrate temperature is raised 
from a gas inlet 1 10 to growth temperature. If the flow rate of the pressure within a reaction, a gallium chloride, or an 
aluminum chloride is stabilized, it will grow up to be a deposition chamber 1 15 by changing the location of a substrate 
106 from the standby room 108. When growing up the semi-conductor layer from which a presentation differs, after once 
moving a substrate to the standby room 108, changing the flow rate and pressure of a hydrogen flow rate, a gallium 
chloride, or an aluminum chloride and stabilizing a flow rate and a pressure, it grows up by returning to a deposition 
chamber 1 1 5 again. Thus, GaN and A1N can grow similarly. When substrate temperature is high and an epitaxial 
substrate is in the standby room 108, ammonia gas is introduced and the nitrogen omission from a substrate is prevented. 
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[0021] The epitaxial substrate of the 2nd example of this invention is shown in drawing 3 . This epitaxial substrate 
Silicon on sapphire 301 with a thickness of 100 micrometers, The undoping GaN thin film layer 302 of reduced pressure 
low-temperature low-speed growth with a thickness of 50nm, It consists of the n-aluminum0.2 Ga0.8 N thin film layer 
303 of reduced pressure elevated-temperature low-speed growth with a thickness of lOOnm, a n-aluminum0.2 Ga0.8 N 
thick-film layer 304 of ordinary pressure elevated-temperature high-speed growth with a thickness of 200 micrometers, 
and a n-GaN thin film protective layer 305 of ordinary pressure elevated-temperature medium-speed growth with a 
thickness of 1 Onm. n concentration is 5x 1 0 1 7cm-3 . 

[0022] Time amount change of the growth conditions of the 2nd example of this invention is shown in drawing 5 . The 
conditions of reduced pressure low-temperature low-speed growth are the growth temperature of 500 degrees C, growth 
pressure 50torr, and growth rate 0. 1 micrometer/h. The conditions of reduced pressure elevated-temperature medium- 
speed growth are the growth temperature of 1 100 degrees C, growth pressure 50torr, and growth rate 1 micrometer/h. 
The conditions of ordinary pressure elevated-temperature high-speed growth are the growth temperature of 1 100 degrees 
C, growth pressure 760torr, and growth rate 60 micrometer/h. If growth temperature goes up to 1 100 degrees C from 500 
degrees C, disassembly of a raw material will progress and a growth rate will become large. The temperature of 800 
degrees C and the high grade aluminum source 202 of the temperature of the high grade Ga source 1 13 is 900 degrees C. 
[0023] The grown method of the 2nd example of the above has the description in the point of increasing growth 
temperature from reduced pressure low-temperature low-speed growth to reduced pressure elevated-temperature 
medium-speed growth, and the description is in the point of increasing [ ordinary pressure elevated-temperature high- 
speed growth ] a pressure and a growth rate from reduced pressure elevated-temperature medium-speed growth to 
coincidence, further. NH3 at the time of reduced pressure growth A flow rate is [ the flow rate of HC1 to 0.5 cca part 
for /and aluminum of the flow rate of HC1 to 60 cca part for /and Ga ] a part for 0.1 cc/. NH3 at the time of ordinary 
pressure growth A flow rate is [ the flow rate of HC1 to five cca part for /and aluminum of the flow rate of HC1 to 600 
cca part for /and Ga ] a part for one cc/. 

[0024] Each near partial pressure of gas in ordinary pressure (760torr) growth is H2. Partial pressure 734torr and NH3 
Partial pressure 20torr, GaC13 partial-pressure 5torr, and A1C13 It is partial pressure ltorr. Each near partial pressure of 
gas in reduced pressure (50torr) growth is H2. Partial pressure 47torr and NH3 Partial pressure 2torr and GaC13 Partial 
pressure 0.5torr and A1C13 It is partial pressure 0. ltorr. 

[0025] The AlGaN substrate of the 2nd example of this invention is shown in drawing 4 . The AlGaN substrate of the 
2nd example removes silicon on sapphire 301 and the GaN thin film layer 302 of reduced pressure low-temperature 
medium-speed growth by etching from the above-mentioned epitaxial substrate. The temperature of 300 degrees C 
performs etching by the etchant of phosphoric acid:sulfuric-acid =2:3. The AlGaN substrate of the 2nd example is [ the 
n-aluminumO.2 Ga0.8 N thin film layer 401 of reduced pressure elevated- temperature medium-speed growth with a 
thickness of lOOnm, and ] 200 micrometers in thickness. It consists of a n-aluminum0.2 Ga0.8 N thick-film layer 402 of 
ordinary pressure elevated-temperature high-speed growth, and a n-GaN thin film protective layer 403 of ordinary 
pressure elevated-temperature medium-speed growth with a thickness of lOnm. 

[0026] This invention is not restricted to the detail of the above-mentioned example. For example, a semi-conductor 
layer does not necessarily need to be a nitride and can carry out an InGaAs substrate etc. by the approach of this 
invention. Moreover, the detail of growth conditions can be optimized on condition that the range shown below. For 
example, a growth rate can be enlarged or a growth pressure can be optimized. It is also possible to make structure of a 
semi-conductor layer into a superstructure. There is especially no limit to a substrate and it can be applied also with a 
substrate for selective growth which quartz glass was patternized by silicon on sapphire and has deposited on it. 
aluminum presentation of the AlGaN substrate of this invention can be chosen freely. Not only an AlGaN substrate but a 
GaN substrate or an A1N substrate may be used. Moreover, the substrate of this invention can be used also as the 
substrate and heat sink ingredient not only an optical device but for electron devices. 

[0027] The coil and interpolation tubing of hydride vapor growth equipment of this invention are a quartz Si02. Not but, 
sapphire aluminum 203 Since it has done, there is corrosion resistance in an elevated temperature to chlorination 
aluminum etc. Therefore, also by the elevated-temperature growth for which growth temperature, such as AlGaN, 
exceeds 1000 degrees C, since it is not corroded, there is also no mixing of oxygen and the semi-conductor film of high 
quality can be produced safely. 

[0028] The 2nd example of drawing 4 is a n-alurninumO.2 Ga0.8 N thick-film substrate with a thickness of 200 
micrometers. Since the n-aluminum0.2 Ga0.8 N thin film layer 401 with a thickness [ of the 2nd example ] of lOOnm is 
reduced pressure elevated-temperature medium-speed growth, the surface migration of aluminum is promoted and it 
serves as film of high quality. 200 micrometers in thickness which grew after that Although the n-aluminum0.2 Ga0.8 N 
thick-film layer 402 has a large growth rate, since the crystal quality of a substrate is good, there is an operation which 
serves as film of high quality comparatively. 

[0029] The hydride VPE of ordinary pressure has the description which a growth rate can take especially. By this 
invention, since the growth rate was as large as 60 micrometer/h, the thick-film substrate of 200-micrometer thickness 
was obtained in about 3 hours. The n-GaN thin film protective layer 403 with a thickness of lOnm has the operation 
which makes removal of an oxide film easy, when growing up LD of an AlGaN system on it. Thus, the vapor-phase- 
epitaxial-growth method concerning this invention The 1st semi-conductor layer which consists of at least one layer on 
the substrate of thickness dl on the growth conditions of a growth rate V2 and the growth pressure P2 thickness d2 After 
making it grow up, In a vapor-phase-epitaxial-growth method including the process into which the 2nd semi-conductor 
layer which consists of at least one layer on the growth conditions of a growth rate V3 and the growth pressure P3 is 
grown up thickness d3, without taking out said substrate out of equipment It is what is characterized by fulfilling V2<V3, 
P2<P3, and the conditions that become d2<d3. growth temperature T3 of **, the growth temperature T2 of said 1st semi- 
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conductor layer, and the 2nd semi-conductor layer — T2<T3, although it is characterized by fulfilling conditions and ** 
and said vapor-phase-epitaxial-growth method used the hydride vapor-phase-epitaxial-growth method You may make it 
make it grow up by the organic metal vapor-phase-epitaxial-growth method. 

[0030] Growth rates V2 and V3 are characterized by the vapor-phase-epitaxial-growth method concerning ** and this 
invention fulfilling the conditions which become 3< 400 micrometer/h 4 micrometer/h<V 2< 4 micrometer/h 0 
micrometer/h<V, respectively. In addition, in an artificer's experimental result, the maximum growth rates from which 
the maximum growth rates from which the crystal of high quality was obtained are 4 micrometer/h, it is ordinary 
pressure growth, and the crystal of high quality was obtained by reduced pressure growth were 400 micrometer/h. 
[0031] ** and the growth pressures P2 and P3 are characterized by fulfilling the conditions which become 3< 1000 torr 
200 torr<P 2< 200 torr 1 torr<P, respectively, and the crystal of high quality was obtained only in the above-mentioned 
range in an artificer's experimental result. ** and growth thickness d2 and d3 are characterized by fulfilling the 
conditions which become 2< 500nm of 0 nm<d, and 3< 1mm of 10 micrometer<d, respectively. 

[0032] In addition, when a thing with a thickness of 0.05-0.5 micrometers is used as a buffer layer (thickness d2) of low- 
temperature growth in the case of a GaN system, the epitaxial crystal of high quality is ****** most. **, the growth 
temperature T2, and T3 - respectively - 400degree-C<T - 2< 700 degrees C and 700 degrees C - < - T3<1200 degree 
C — it is characterized by fulfilling conditions. 

[0033] In the experiment, when the buffer layer was grown up in the 400 degree-C<T2<700 degree C temperature 
requirement, two-dimensional-ization of a crystal advanced and the epitaxial crystal with a flat front face was obtained. 
A crystal with ** and T3 good also when N atom slips out of a GaN layer, there is an inclination for a good crystal not to 
be obtained, above 1200 degrees C and T3 is 700 degrees C or less on the other hand was not obtained. 
[0034] Both **, said 1st semi-conductor layer, and the 2nd semi-conductor layer may be characterized by n mold or 
being both p molds, and at least one layer of **, said 1st semi-conductor layer, or the 2nd semi-conductor layer may be 
BXlAlYlGaZlInl-Xl-Yl-ZlN (0 <=X1, Yl, Zl <=1). Furthermore, said substrate is sapphire, Si, or GaAs, and at least 
one layer of said 1st semi-conductor layer is AlX2Gal-X2N (0 <=X2 <=1). It is what is characterized by at least one 
layer of said 2nd semi-conductor layer being AlY2Gal-Y2N (0 <=Y2 <=1). ** and said 1st semi-conductor layer may be 
GaN, A1N, or GaN/AIN superlattice, and said 2nd semi-conductor layer may be AlY3Gal-Y3N (0.05 <=Y3 <=0.5). 
[0035] The manufacture approach of the semi-conductor substrate concerning ** and this invention The 1st semi- 
conductor layer which consists of at least one layer on the substrate of thickness dl on the growth conditions of a growth 
rate V2 and the growth pressure P2 thickness d2 After making it grow up, In a vapor-phase-epitaxial-growth method 
including the process into which the 2nd semi-conductor layer which consists of at least one layer on the growth 
conditions of a growth rate V3 and the growth pressure P3 is grown up thickness d3, without taking out said substrate out 
of equipment It is what consists of said 1st semi-conductor layer and 2nd semi-conductor layer which remove said 
substrate and are obtained from the wafer formed by the vapor-phase-epitaxial-growth method which fulfills Y2<V3, 
P2<P3, and the conditions that become d2<d3. They are ** and the thing further characterized by removing any of said 
1st semi-conductor layer or the 2nd semi-conductor layer they are. It is that to which both **, said 1st semi-conductor 
layer, and the 2nd semi-conductor layer are characterized by n mold or being both p molds. It is what is characterized by 
at least one layer of **, said 1st semi-conductor layer, or the 2nd semi-conductor layer being BXlAlYlGaZlInl-Xl-Yl- 
Z1N (0 <=X1, Yl, Zl <=1). ** and said substrate are sapphire, Si, or GaAs, and at least one layer of said 1st semi- 
conductor layer is AlX2Gal-X2N (0 <=X2 <=1). It is what is characterized by at least one layer of said 2nd semi- 
conductor layer being AlY2Gal-Y2N (0 <=Y2 <=1). ** and said 1st semi-conductor layer are GaN, A1N, or GaN/AIN 
superlattice. It is characterized by said 2nd semi-conductor layer being AlY3Gal-Y3N (0.05 <=Y3 <=0.5), and relation 
between the thickness dl of ** and said substrate and the thickness d3 of said 2nd semi-conductor layer is characterized 
by being dl<d3. 

[0036] The semi-conductor substrate concerning ** and this invention the 1st semi-conductor layer thickness d2 on the 
substrate of thickness dl After making it grow up, The 2nd semi-conductor layer grows up thickness d3 by the vapor- 
phase-epitaxial-growth method. It is characterized by at least one layer being BX1 AlYlGaZlInl-Xl-Yl-ZIN (0 <=X1, 
Yl, Zl <=1), and **. d2 — < — d3 — the semi-conductor substrate which fulfills conditions — it is — said 1st semi- 
conductor layer or the 2nd semi-conductor layer 3 — After growing up the 1st semi-conductor layer thickness d2 on the 
substrate of thickness dl, the 2nd semi-conductor layer grows up thickness d3 by the vapor-phase-epitaxial-growth 
method. It is the semi-conductor substrate which fulfills the becoming conditions d2<d3, and said substrate is sapphire, 
Si, or GaAs. At least one layer of said 1st semi-conductor layer is AlX2Gal-X2N (0 <=X2 <=1). It is what is 
characterized by at least one layer of said 2nd semi-conductor layer being AlY2Gal-Y2N (0 <=Y2 <=1). After growing 
up the 1st semi-conductor layer thickness d2 on ** and the substrate of thickness dl, the 2nd semi-conductor layer grows 
up thickness d3 by the vapor-phase-epitaxial-growth method. It is the semi-conductor substrate which fulfills the 
becoming conditions d2<d3, and said 1st semi-conductor layer is GaN, A1N, or GaN/AIN superlattice. It is what is 
characterized by said 2nd semi-conductor layer being AlY3Gal-Y3N (0.05 <=Y3 <=0.5). Relation between the thickness 
dl of** and said substrate and the thickness d3 of said 2nd semi-conductor layer is characterized by being dl<d3, and 
both **, said 1st semi-conductor layer, and the 2nd semi-conductor layer are characterized by n mold or being both p 
molds. 

[0037] The mode of the hydride vapor phase epitaxy equipment concerning ** and this invention has interpolation tubing 
made from sapphire installed so that the coil or substrate made from sapphire might be surrounded, and it is characterized 
by making growth possible by 10 or more torrs the pressure of less than 800 torr while it makes crystal growth 
containing aluminum possible. 
[0038] 

[Effect of the Invention] The grown method of this invention can produce efficiently the n-AlGaN thick-film substrate of 



http ://www4 .ipdl .ncipi . go .jp/cgi-bin/tran_web_cgi_ejje 



3/3/2006 



JP,2000-223418,A [DETAILED DESCRIPTION] 



Page 6 of 6 



high quality. ** and the hydride vapor growth equipment of this invention can produce the semi-conductor film of the 
high quality containing aluminum safely. If sequential formation of the barrier layer of the multiplex quantum well of a 
n-aluminum0.2 Ga0.8 N clad, GaN, or InGaN/GaN, a p-aluminum0.2 Ga0.8 N clad, and the p-GaN contact layer is 
carried out and p electrode and n electrode are attached on the n-durninum0.2 Ga0.8 N thick-film substrate of this 
invention, LD of an AlGaN system will be obtained. Since optical confinement and eye carrier ****** are superior to the 
thing of a GaN substrate, LD of an AlGaN system has high luminous efficiency, and outstanding LD with a low 
threshold current value is obtained. Since there is also little distortion by the barrier layer and a heat dissipation property 
is also good, the dependability of the component in continuous oscillation improves. Since-izing can be carried out 
[ luminescence wavelength nearby short wavelength ], there is an advantage which can improve the recording density of 
an optical disk. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows m e word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the side elevation of the hydride VPE equipment which is the 1st example of this invention. 

[Drawing 2] It is the front view of the hydride VPE equipment which is the 1st example of this invention. 

[Drawing 3] It is the sectional view of the epitaxial substrate of the 2nd example of this invention. 

[Drawing 4] It is the sectional view of the AlGaN substrate of the 2nd example of this invention. 

[Drawing 5] It is the graph which shows time amount change of the growth conditions of the 2nd example of this 

invention. 

[Description of Notations] 

100 Coil made from Sapphire 

101 Interpolation Tubing made from Sapphire 

102 Substrate Operating Rod 

103 Rotary Pump 

104 Pressure Regulating Valve 

105 Substrate Holder 

106 Substrate 

108 Standby Room 

109 Diaphragm made from Sapphire 

110 Gas Inlet 

111 Gas Installation Tubing 

112 Gas Inlet 

113 High Grade Ga Source 

114 Raw Material Boat 

115 Deposition Chamber 

116 Exhaust Port 

200 Bottom Plate made from Sapphire 
202 High Grade Aluminum Source Source 

301 Silicon on Sapphire 

302 GaN Thin Film Layer of Reduced Pressure Low-temperature Low-speed Growth 

303 N-aluminum0.2 Ga0.8 N Thin Film Layer of Reduced Pressure Elevated-Temperature Medium-Speed Growth 

304 N-aluminum0.2 Ga0.8 N Thick-Film Layer of Ordinary Pressure Elevated-Temperature High-Speed Growth 

305 N-GaN Thin Film Protective Layer of Ordinary Pressure Elevated-Temperature Medium-Speed Growth 

401 N-aluminum0.2 Ga0.8 N Thin Film Layer of Reduced Pressure Elevated-Temperature Medium-Speed Growth 

402 N-aluminum0.2 Ga0.8 N Thick-Film Layer of Ordinary Pressure Elevated-Temperature High-Speed Growth 

403 N-GaN Thin Film Protective Layer of Ordinary Pressure Elevated-Temperature Medium- Speed Growth 

[Translation done.] 
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..........NtO^Xl, Yl. Zlgl)-CS.5Ci 

£*S&4TJ-5iiNSBl 2 75M1 4 ©M*i*»{CgBjS©^ 
i*S«©if)t*^. 

t»*>S 1 6 ] !5fB*«^7 r TigOCtS i ^<<> 
[JGaAsTfeD, 15^0 1 ©30g(*Jf ©ii>& < 4 fc 1 
30 o©Jg#J A 1 X j G a ,-x, N (0^X2^1) "C^*3. m- 
MSm2<D¥m&m<D'J>tJ: < 4 1 -?©J!#iA l ri Ga 

t.„N (05Y2S i > -c**ci*w«4-r*iiwai 

1 2 7bSl 5©f5J*n*>Kfe«g©^»««©Mjt^£. 
[ii*^ 1 7 ] 1512^ 1 <0¥mWm&G a NSlHi A 
1 N*^iiGaN/A 1 N^«^-"C*f). buIBB2©^ 
m#m&A l TJ G ai ., a N (0. 05^Y3^0. 5) 
-C*5C4£!|$gi:4TSI*3SI 1 2 7!;M1 6©H^*>tC 
f2ig©***««xi©»ig^a. 

[»«31 1 8 ] SfflBS«©/?$ d 1 4h?IB^2 ©^^ 
40 #IOIfd3i©«#l. dl<d3t*5CiW 

tt4-r*nt$jgi 3 7!»Mi 7©<5jn*»«cK«s©*^<*s 
«©ss^^. 

im>m 19] 153 d 1 ©*«±(c» 1 ©43£#B=& 
Bl¥d2RSSS#fca. ^2©*2g{*a=&)lJld 3*Sl 
fflxe**i/ + -»Ha«ffi-Crt»Stt. d2<d3fc£-£ 

BtriBSfl 1 ©^ttJBUEt>«02 ©¥^{*e 3 'PU < i 
lo©JB*SB xl A U.Ga,, I n,.,,.,,.,^ (O^X 
1. Yl. Z 1 ^ 1 ) r&.5C4*4*«4T5¥##£ 
50 «. 



3 

fam<i2m&si£tc&. *20¥*f*iB'£je/vd3*£i 

t|xe$ + 5/tJ«S^g3tf. d2<d3&S>& 

mszgfc&ir? 7 ■< rmms iii>iJGaAs-c» 

*) . ffiiBHI 1 ©*a$&Jf©:i>& < t t> 1 -3©g#A 1 XJ 
Ga,.„N (0^X2^1)rS»), firi3fJi 2 ©i|^H$ 
Jf©4>&< <ht> lo©g*5A 1 „Ga,.„N (0^Y2 

[lf*^ 2 13 m S d 1 ©Sffi_Bc j& 1 ©3Ug(*Jl£ 
Jgffd 2 f&g<* Jfr2©3ag#Jl£Ja;¥d 3£Sl 

*|xfc-£*WM£fi&-CJi£g<*-e. d2<d3&£3& 

itfl2fitl©^f*ll#GaN!£t,>a:A 1 Ni£t>«GaN 
/A 1 NSfS^ -C* f) . mm 2 ©¥«#Ji*5 A 1„G 
a,. rJ N (0. 05^Y3^0. 5 ) 

2 2 3 mfgB««©^3 d 1 <ttuffi02 
{*Jl©JiJld 3 £©»&#. dl<d3-C*5Ci^ 
9fc<fcTSiit#3S 1 9 7!;M2 1 <DHn*>(ciHtg(D*«{*S 

So 

[iS3jes 2 3 3 Buisifr i cD*si*n tm 2 ©¥ig&Ji 
9^2 2©{5in^{c^ig©¥#(*s«. 

A 1 £^tff£ll©/&fi ; &Djfl£te-r£ifttC. lOtor 
r tt±8 0 0 t o r r &ffi(DKt>-cmmftmtC L,fcC i 
Z&WlkTZ'M F^W K«tfxt**->-i!ig. 
[HW©ifffl%^3 
[0 00 13 

C^©S-r^^^iF3 #l£9§«: t MIBxf$^>t 
;n&g&. *^<*affi©iSii*^. ^ig&glE&DW 
K«ffixfcT2*i— (VPE) S^fcflsbf), 4$ 
CC. iSSff, S£14fCgftfcGaNS1g-*>A 1 G 

aN«gfCDab«I I I-V^t^J^»Jg^© 

[0 002] 

[fi£*©KftJ3 ifiip. x^^fcj&mfw x^7K:2t 
&&®it&&ts!mmft<o¥m&i'-y t ?'(*-b- (l 
d) ®m$tifitj;2tixi,>z>. 1994^2^© 
BIiH- Fax** 6 0 2-«f©9 3«- v>ic\tmmi 

[00033 &itmm 1 1 1 - vmit&Mmm&xmbz 

GaNtt. %m\mtsW 3 . 4 e V t *i* < b^feil:^ 

rassnr^s. tee*, gft^i 1 i -vm<t&® 
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<J§(,»6*l-Ct»4. t77 -TTS«±^©GaN^©eS; 

g« 9 o o ~ i ioo ^©isar-w^Jia+Hx * 

~> + JHj£fi (MOVPE) ^^xt$+->- (M 

GaNit^+^t ^M«te^£&^^ig^aififc 
m. b tc 9 T S * £©HSI 9 . ^©^14^^14 
10 [0 0043 MK. t7T-frl«tt, ^#TOC20 

t?* S/c2i>. SRT- ©m^fiSK:«jlf?x v £<D 
m&teyKHtXZ&mt?*. GaN^Sffi«. Ga 

fc 9 -r^. % i-©p«.iM*s^i=.©-c» a^w^tSffiw^-c* 

S„ cntc^O. LD©«JigSffi*^P8«:J:0^-r 

20 ^©^-fffWtS^lSJiSifiCids-c^?,. 
[0 00 5 3 L*"L/. GaN©/fJgg«£SSitT5K: 
«. S«©alSE^ifi5t>Ci(cJ:f5 > Silt^GaA 

s mwi avm&tc— mcmi > e tix^^mnmi.^ 

Ci*3Tg-J&^. GaN©l5KS^iL/r(*. MOCV 
Dffi^MBE!*JWnfC. /W F5-f P (*^-fb^> *M 

E) S*^6n-Cl,»r. ^KRU 0- 1 73 28 8^ 

tmiV&Jki I I -vj£{t^*sg#J!©j£g 

M*sj:c?tft»i 1 1 -vmit&®¥m#mtii<DWi 

VPES«:J:n«. -9-7 r WTS«JiK:ii$(gfc:g[~& 
SMmCUOGaNMSEffSSJlfSCi^ft 
^^2{>. G a NS«^Mjf-rSW^^!*©— 

[0 00 6 3 LfrbtSiifih. C<D^m-cm^titcGsiN 

smt. &&&*>mmtm&mti>^t<ii) . GaNn*s» 

«(cat-C«!i<i45!)^S-r-5.C<!:^e)> Sfiil-C 
40 )SS D a oH©Ga N*Sf#6n^tt,i3»P)T?*^„ Sft:^ Al 

Ga timmm ldo^? » FB(cs«ira 
da i jaia©«aM©A 1 GaNm^cims 

©-C> GaNlfeiOLDJtD. 3 e»«c^j: < r£&J! 
ic36*HDiZ^^c<!;*s-C#. LD<0»ttt**<l«I± 

[0 00 7 3 L&L, SE^YK7^FVPESf«fi 
aa^t^teA, *{bTJV5 (A 1 C 1 , ) fc£"©A 
1 4#tf ^*4©^S*S-C© v -Y V U - 3 >ifiWtb-C 
/h§ < ft 0 . S q °dM©x f $ * ^ + titt 
50 -e©±. ^-f F-5-W FVPEffi-CH. ^brJUSJS 



5 

EKimmip h mtcwmw x £ * * + ;m kir 9 & s 

[0008] 

VPE&{CJ:9. J&gjlg#/h3<&:9. fl-o, I I I 
FVPEffiCCj;0. ^t^RESMS-CGaN^t/A 1 

®nfcif«^*^i*cr>^*Bx t $ * + jusss. am 

[0009] 

fgx fcf * f ;Vj£g&©Jii 1 (g^ltt. JSSdl ©S« 
IK, fi£fiiIgV2. «Sffi3P20^frfi!>*< 

t i -3CI* a s « i <D*m&m *mm a 2 j&g 3 
sv 3 , jsme&p 3 djaoffm < t «> 1 o©e 

**tf«WBit**S/i'-»na«ttfc*»C»T. V 2 <V 
3. JLoP2<P3, lod2<d3i5:^ft : *ifc-r 

ci*qtair4fe©-c*o; x. *2mR£. -man 

l ©¥#<*@©/iSfiSKT 2 , » 2 ©¥ig#II©j£gfi 

i*£t £*>©-*?$>*). x, fMStttt. ja»aflfV2. 

V3^, 0 iim/h<V2<4/xm/'h > 4 Mm/ 
h<V3<400jim/hWtft%i/cfCt*#f 
£TS«>©-C*»K X. S&5JBSM:. RSSlE^P2. P 
3*^*, 1 t o r r <P2<2 0 0 t o r r . 200 
torr<P3<1000torr ft ZSiftZWcT C 
L&mtTZbO-abKl. X. 06ggfi«. 
d2, d3#5**. 0 nm<d 2<5 0 0 nm. 10m 
m< d 3 < 1 mmtj:Z>3&>kffitc-?C & 

©rao. x mi mm*. m^us.T2. 

400'C<T2<700'C, 700'C<T3<12 

0 0 'C&Zg&ZmtcfC L^mmt &©-es>9 . 
©-0*9, x, »9j^««. miemi<D¥m#m$u<>iz 

m 2 ©¥«#Jf©4>ft < £ 4. 1 -OOiiAJB,, A 1 yi G a 
« I m.^.^.^N (0^X1, Y 1 . ZUDT* 
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SC£5r^F®£-r5fe©-C*9. X. ttlOflttttl. fflf 
ISS^-y-^T-CT^tHiS isdtt>«GaAs-C£>9. 
WlBSg 1 ©30S#Ji©4>& < £ 1 o©Jl*s A 1 * 2 G a 
,.„N (0^X2^1) Baiaijt2©¥igWg© 

< i *> l-rxom&A l TJ Ga 1 ., I N (0^Y2I 
1) -C*4Ci4r#©£-r-54>©'C*f3. ^, f 1 IS 

ft!20 1 <D¥m&mifiG a N^l>«A l 
GaN/A l NS^-C*0, BoieHl2©¥igffcll#A 
l„ a Ga,_ TJ N (0. 05^Y3^0. 5) t*5Ci 
10 Z*imt?Zt><DV$>2>. 

[o o i o ] x. *mwicm&zimfcm&<Dm&.-%m 
omimmiz. mza i©atiLBc j&siisv2. 

SEfrP 2 ©J£g^#T?:Ii>&< £ 1 rxomfrhtuZm 
^(ClifO fcli-rc 4«c < . JSfiilKV3. JSSK/JP3© 

sEg^-c^a < i ^ i o©n^ h% 2 <D%-m&m 
*®m& 3fiKS3-a-^7-ni2^^tfMtgjtft>+>'-i' 

^R£Sa«:*Jt,^r, V2<V3. I^P2<P3. 

d 2 <d 3ftS^£^fcratBxfc-**V^j$g& 

nSmiSm 1 ©*jg<*H£Jil2 ©^ttJ14^6ft5 4> 

©r*o. x. m2wmt. mcc. wie^i©*«(*ji 
m 2 (ommttm t & * tc n s«m*^«c P mx?* s c i 

B„Al„Ga ;i I n,.„. T1 .„N (0^X1, Yl. 

zi^n -c&z>ctzmm±-?*>$><D-c$>K). m 

30 sgl^ltt^ mszg&tf?? r J rm>izs i m>i*G a. 
A s 0 . fyiBJfl 1 ©^^S©ii>ft < 4 1 o©H 
^AU.Ga.^N (0^X2^1) t*5, ttfS^2 

(ommmoyptzK. iiiooi*iA i ra Ga,. rl N 

(0^Y2^1> -C*SCi*!|fm<i;-r^fc©T?*«5. 
W.. m61$ms. fJiB^l©¥^{*)l*SGaN^CHtA 

1 N$l>BGaN/A 1 NiSte^-f&O . B5ria»2©¥ 
ifti^Al^Ga^nN (0. 05SY3^0. 5) 

saseSS©^? d 1 4i«fle^2 ©*®ft@©Jl^d 3 i 
40 ©H^*s, dl<d3?*5i:i4Miir5t©t4 

[0 0 1 1 ] X. *^Wti:^5^ttS«©»ie|fi| 
J¥3 d 1 ©»«±tc^ 1 <D¥mft®*mmd 2^g 
S-lf/cf^ ^2©¥^tt^^HJld 3 ££vffixt**-> 
I'^ffigiS-CfiSgS-a'. d 2<d 3ftS^fF*«/c^¥ 
jg<***S-e*-?-c. f?smi©^*M^>«m2©* 
^ft@3^ft< it 1 o©Jt#Bxi A 1 G a zl I n 
.....m.hN (0SX 1. Yl, Zl^l)r*6Ci 
^^iTStO-CAO. X. *2flttRtt. i¥3dl© 
50 ««±tC0 1 ©*«*g*@^d 2 -S^^ » 2 



d2<d3tc£^£^fclT3ag<*S«T*o 
r. ltrie*S*i-^7 r -fn£t>ttS i «l>HtGa As T 
* t) . S5I23S 1 ©¥*SWS©:2>& < i *> 1 ^><Dmifih 1 
^Ga.-x.N (0^X2^1) "C*D. »!Bffl2©¥2» 
#S©il>&< it 1 -3<DJf#A 1 „Ga,.„N (O^Y 
2^1) -CSbZZL*m!lL?Z>t i <D'Cib*). X. KI3 
JMS«. J*3 d 1 ©«#LbKlfl 1 ®¥9f*Jf6Md 2 

tftAfrtlSfljaS*, d 2 < d 3 

r^awfrss-ca -? r . me* 1 o^mwm&G a n a 

W*A 1 Nftt>«G a N/A 1 Nttfe?-?* 0 . HiriEU 
2©*3lflcJi**AlTiGat.YiN (0. 05^Y3£ 
0. 5) t^sci^ifsiorio, 

mmt . tu ia«s©ji s d 1 1 mum 2 (omm&mvm 

JId3i©W(£#. dl<d3TMCi%#iit5 
CO 0 1 Z ] X. *»9!<c{BfeS>W F?-f F«fflxtr 

#0. a 1 *#tf»s©^*^tiK-r-si«fc. 1 0 

torr«±800tor r *if ©ffi^T'S£SBJtB{C L 
[0013] 

.[^©njfe©^3 *&wicmfrzmm#mmz. c 

It7r^7lf3 0 l±Jt. WEE/WK^-fFVPE 
S&tJ: f5 4 y m/h JaT©^SiIS-Cltl,> G a NJS3 0 
2 tffcSL C ©G a N J! 2 ±(C#E^ Y F 9 ■< 

FVPE&KJ;9 4 Mm/hcfc*) &Atr<#>-34 0 0 w 
m/h^T©J&^KT--KH£m>A lGaNI304 

1 fcx?^ GaNH3 0 2 £ A 1 G 

aNS3 0 4*^&5AlGaNSf, At^i. A 1 G 
aNli3 0 4©^66SAlGaNS«, If 
7 r -f 7SOrt»ffXBU-7 r -T 7S©JKJSt£ -5 
A 1 *$*fJ&&#l&B-Ct S lOtorr «±8 0 0 t 

o r T^m<os.-h-aSLW^mt^-< F^-f fvpem 

< «c 0 fl-^A 1 & £© i i i gy^fl-i 1 ©*® 
ft*. ^©±{c. xt* jr*^+*a«*§«wcU3r 

(C^LT. JKj*A#< Ur. StEE'W F^-Y FVP 
Effi4fflt,^C£-C, ^$MS3ia-CAlGaN4fiS 
gJWCim, ». D B «OAlGaNi1g#»J: 
<f#<=>ft£,, 
[00 15] 

[^te0»] JSTFtC. *|%^tc^^^«c©^|xf5r 



(5) #^2000-2234 1 8 

•UTTS. HI. H2tc:*9HII<D/W K^-f KVPEgg 
©CWBH £ IE® 0£^-f „ 

[0016] *§m<»n 1 ©^##1©^-* f ^ a fv p 

E»g«. 1t:7 7Y7fl5JCc;@l OOi, f7 7 -f7g 
HH«1 0 OftKf&W^ft/c^WTSFWtl 0 1 
<h. I^T-YTKPWgl 0 1 Pl<D&mZJ$,gmiC\ft 

tcK> . ^«stc^«is#fco»^-rsa«*^o ? f 1 
10 02i. smspi 1 6^w6nfco-^';-=i<>7 - i 

03t. K#P85# 104i, mW&ftv 7 F 1 0 2 1 
glfP3n^b-^##*«^;U^l 0 54. St£*A<# 
1 0 5KB5g;*ftS»gl 0 6 £. V-Vr JTUW&'g 
1 0 0£Bt?=fc5KStffcfln8&fc-£ 1 0 7 <!:. tf7r 

-rrsy^jf^i 0 1 rttct&tf eftfc^^ io8£, m 
iaf?«s 1 0 8 tm&m*i±wzfc&<D-*y r w ri?{± 

m<0mi 09i. ^77^78^1 0 lrtfC^^r 
^A^Sfcfe. FW^l 0 1©— ^©ffiaHcffctffctf;* 
^APl 1 Oitf^apA^l 1 1 £#x>SAPl 1 2 
20 £. MIOiSaSGaV-^1 13i, V-X^iRSS 
-rSt-5r^#J^#- H14i, Scgai 1 5 t. 
rt#^l 0 1 ©ffcfr©^{Cl&WfcSMSP 1 1 6 £. If 
7r YTMrtfflf 1 0 l©Jg8MtlgW- 6ft.SU- 7 7^7 
i?Jg«2 0 0£. SSS^l 1 5©?l5*«gA 1 V-X2 0 
2i^6fi?RS3ftTl,^„ 

[0017] XxmAD 1 1 Oi^iAf 111IJ7 
>t-7^i^*X*IAt^?ca)©^SAPi 
^aiA'S-e^.S. Af^jSAP 1 12BHC1 

^x^^A-rs^^^AP-c&s. s«©^/x«$&a 
30 «^sff£^g5#r'$ijsii$ft-ci,^ 0 mmzyyrj 

T. ->'J3>, Ga As^ci'©*St?*S„ n F-'<> 
FJlif4{C«S iH, ^SiHi CI, p F 

-^>hMWtct*M« (CH, ) , ^MeC 1, tm 

XzmA'gl 1 1 *3iL-C«$&TS„ 
[0018] *mi<D'U F5-f FVPE^Mti. 1f7 

r-trwommi 00. Fwrn 0 1. ftw»)«i 0 

9. f±W0«2 0 5£ffit,», iW6SGaV-^l 1 3<h 
mffi&A 1V-X2 0 2©2«a©@#M*2(-?:Mt>. m 
&fc-£ 1 0 7 £fc-£#i*Ms!4*'- F 1 1 4CCJ:i3i« 
40 ^UGa V-X 1 1 3 i^SA 1 V-X2 0 2©&S 

;l/5^1 0 5(CJ;«3S«SaSSS*>6 1 2 0 0"C*-C*(l 
fflir^s. Etc. a-^>j-#>7*i 0 3i)E^i®gB^ 
1 0 Attc&Wy 7 4TWk<Dm.ixMl 0 0F«J©JE#£ 
10 tor rH±8 OOtorr JWT©EE^S5H-ClSgi5 
BTfilfCflf^tfcfe©-C*S. 

[0 0 19] t7 7 -iTWOffl&mi 0 0F«9«. t?7 

wrwt^jos 1 0 9 -cnmm 1 o 8 i&sss 1 1 5 k 
#we>ftT*59. a«aiffn^ f 1 0 2 ftts 

50 ^1 0 8^6^ES^1 1 5tCgct^*il(C. mmi 0 6© 
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(CiAJn/cHCl^l^ iifi&SGaV-^l 13i 
ffiiftKA 1 V-*2 0 2 tWfcf&LXmttf >) V J* (G 
aC 1 3 ) £ig{tT/VS^A ( A 1 C 1 3 ) 

U A 1 GaN^TSo A 1 GaN<DA 1 mWLtfSL 

mmmu, ^2iAn2 0 6<b^x^AD2 0 7^6* 

ASttftiHC i #*OD&£S<LigfcfigGa 1 3 <h 

ISS«gA 1 V-X2 0 2 icDSSJC<*:^T^is^ 0 
[0 0 2 0] JWTCc, JbE^fcrt«B««: «t**«WO 

mmtfi&iEistth. fttimi 0 8»6Ofiti 1 sees 

r. GaN^AlNt»lt^Itf^ S«afi 

[0 0 2 1 ] B3{C*JW<OJ|20ft(WIOifc:ir*5/ 

0 am©*^^T ^TSS3 0 1 <b, 03 5 0 nmO^JBE 
«(S»«^r>F-^GaNIWMi3 0 2i. i¥S 

1 0 0nmCDiKEEafafiaWEft©ii-A Gap., 
Ng^Ji 3 0 3 4, J13200M mO*BBffiB]KjAftft 
On-Al 0l! Ga,,, Nil^H3044, IJlOn 
mOmJIiSS*i&£fi<Dn - G a NflUtftflH 3 05i 

nWmtb x 1 0 17 cm-'tti. 
[ 0 0 2 2 ] a 5 fc^mgofff 2 ®A#OT05feS^0 

0 0U a«I*50torr, ticfiiftO. 1 Aim/ 
h?*6. SEBEiSfi*jI^fi©^W0JfiSKl 1 0 0 
'C % /&SE;fr5 0 t o r r , 1 um/h 

6 0 t o r r . JKftj£K6 0 Mm/ht*$ B 
j£gafi# 500W61 100 °CfrC±#£ £ JK»CD» 

1 3e>agte8 o o *c, w$eetA iy-^202 
«9oo°cr&^> 0 

[0 02 3] ±iB»2©S#W©/aSffitt, SSEISSffi 

aWfiKEfc i ra^«c«Wc 3 * * JAKOB* 

W5 0 ^Ef&fiB$<DNH 5 ®tt»26 0 c c/*K Ga 
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^CDHC 1 (DfamtO. 5cc/», Al'MDHCl© 
%KRO. lcc/»t»S. ftEEttSBONH, 
l«600cc/^ Ga^OHCl^St«5cc/ 
fl\ A 1 ^COH C 1 <DW£M\t£ 1 c c /&V%> €> 0 
[0 0 24] SE ( 7 6 0 t o r r ) JdcftT©** <fc*<Z> 
«*^»EEtt. H, #117 3 4 torr, NH, #E2 
Otorr, GaCl 3#JE5 t o r r % A 1 C 1 , # 
El t o r rt^So ME (5 0 t o r r ) f&&V<Dte 
J:-e©#^»fftt, H, #E4 7 t o r r, NH 3 # 
10 E2torr,GaCl, »E0. 5torr, A I C 
1 3 M0. ltor rt^ 9 
[0 02 5 ] H4fC*»l8©*2©*f*«OA 1 GaN 
WBL*7fct. m2<DMzWm<DA 1 GaNlfittiExt 
**5/t;HS*e>t7r ^7««3 0 1 <b, *£E®a 
*»«5fi<DGaN»BSJB3 0 2 i*x^>^BK9i 

2 : 3©x 9 ft> h"C3 0 0 ■CCMaarcRS. »2CD 
^ftWA 1 G a NStg**, llJlOOn mCMJHESffl 
«£j&&g<Dn-A lo.i Ga 0 .„ NI5MJ14 0 1 V 
20 3 2 0 0 Mm O^EiSffllSSfiKSOn-A l 0 . a Ga 
... NBmm4 0 2t. *3 10nm(MltE*I*a« 
^(Dn-GaN«Jg«SH4 0 3 £*>6ScS. 

[0026] «msHt. ±iacD*tsM<Di$jtffltc$ijRg3n 

InGaAsHEicfWJBHOJS'C 

#5. *^HJOA 1 GaNS«OA 1 fflJSteSSteil^ 
AlGaNttRKBefGaNSfi. lKl*fr£A 1 N 

aft:, *?m<Dmmz* 

[0 02 7 ] *!MB0/W K^-f F^ffljaS^BOJSCE 
40 -CCOWSAtt^ab^,, L^ot, AlGaN4i*©« 

ci#fti»ot. KRoaA6ft<. m&w<D*m#m 

[0 02 8] H4©»2©*#ff|W, f32 0 0 Mm© 
n-Alo., Ga,,, NilJgS«-C^>€>o »2©*i*« 
©H$100nm©n-Alp ti Ga B .» NSI140 
U*. ^EiSfi^il^S^CDr, A 1 OSIv^^b- 
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